Low cycle fatigue tests on a duplex stainless steel have been performed at two temperatures (598 and 748 K). These temperatures have been selected to analyse the effects of dynamic strain ageing and thermal ageing.
INTRODUCTION
It is well known that during elevated temperature low cycle fatigue (LCF) of austenitic stainless steels, dynamic strain ageing (DSA) occurs /1-3/, and this has also been reported on ferritic stainless steels /4,5/. Due to the austeno-ferritic nature of duplex stainless steels (DSSs), it might be expected that they would manifest DSA too, and indeed recent publications have confirmed this fact 161.
DSA is a complex phenomenon that depends on many parameters, especially those that affect dislocation glide as well as solute diffiisivity 111. As a consequence, DSA is a characteristic deformation feature during a specific regime of temperature, strain and strain rate (έ).
On the other hand, the ferritic phase of DSSs experiences spinodal decomposition at temperatures around 748 K, which is accompanied by a severe drop in toughness, a phenomenon known as "475°C embrittlement" /8,9/. operating at 120 kV.
RESULTS AND DISCUSSION

Cyclic responses for the four different testing
conditions are shown in Figure 1 . Plastic strain amplitudes obtained were around 5 χ 10' 3 for all the cases.
Tests at 598 Κ
Regarding the cyclic responses, a strong cyclic hardening (ΔσΗ), defined as the difference between the maximum stress amplitude value reached during the test and that measured for the first cycle, is observed for both strain rates. Maximum stress values are reached after around 15 cycles (Fig. 1 ). For the slowest strain rate test ΔσΗ is 150 Μ Pa, whereas for the fastest one it is only about 100 MPa. This is a consequence of the inverse strain rate sensitivity, a clear evidence for DSA processes, i.e. the lower the strain rate, the higher the effectiveness of the solute atmospheres for blocking the mobile dislocations, and therefore higher stresses are needed to unlock dislocations and to accommodate the imposed strain 111.
TEM micrographs corresponding to dislocation arrangements in austenitic and ferritic grains after cycling at έ = 10" 3 s" 1 are shown in Figure 2 .
Concerning ferrite, dense tangles tending to form veins or poorly defined walls constitute the main feature ( (Fig. 2b) . This may be indirectly attributed to the DSA phenomenon, i.e. DSA mainly affects the ferritic phase restraining its plastic strain accommodation and, as a consequence, austenite is forced to contribute to plastic deformation by recourse to a transition towards a less planar-slip mode.
For the same temperature but higher strain rate, the substructural features are qualitatively similar in ferrite, although dislocation density is lower (Fig. 3a) , whereas austenite glide remains quite planar (Fig. 3b ). These differences are related with the lower effect of DSA due to the strain rate increase.
Concerning thermal ageing effects during tests at 598 K, they can be considered negligible because at this temperature its kinetics is very slow and long ageing times, i.e. thousands of hours, are necessary to produce appreciable changes on the mechanical properties /13,14/.
Tests at 748 Κ
The stress amplitudes corresponding to the first cycle of the cyclic hardening-softening curves of both tests performed at 748 Κ are about 60 MPa higher than the values measured at 598 Κ (Fig. 1) . This circumstance is due to the influence of thermal ageing.
At 748 Κ the kinetics of ageing is fast /8,9/, hence the time spent by the specimens in the heating chamber before starting the tests, i.e. 40 minutes for heating and 30 of holding, is long enough to induce a significant spinodal decomposition of the ferritic phase, and as a consequence higher stresses are required to deform the DSS.
Cyclic responses at 748 Κ (Fig. 1) 
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CONCLUSIONS
The following concluding remarks are outlined from the present study concerning the LCF response of DSSs at intermediate temperatures:
• Cyclic hardening-softening response at 598 Κ strongly depends on the activity of DSA mechanisms. The lower the strain rate, the more remarkable the DSA effects, and as a consequence initial hardening is stronger. The substructural evolution indicates the hindrance of threedimensional dislocation arrangement due to DSA operation in ferrite.
During LCF tests at 748 K, while DSA effects are negligible, thermal ageing influence must be taken into account. Low strain rate conditions lead to long duration tests and therefore spinodal decomposition of ferrite may be sufficiently developed to obstacle plastic strain accommodation in this phase.
